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(54) Preparation of polyalkylsilsesquioxane particles 

(57) A process fa preparing potyalkyteifsesquiox- 
ane particles comprising: 



a) dissolving a surfactant in an alkyttrialkoxysilane 
or its partially hydrolyzed condensate; 

b) combining the mixture with water; and 

c) adding a basic material to the mixture to obtain 
the polyalkylsiteesquioxane particles. 
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Description 

[0001 ] This invention relates to a method for preparing 
polyalkylsilsesquioxane particles which have a narrow 
particle size distribution. s 
[0002] It is well known in the thermal printing art that 
particles can be used in thermal media to keep the ther- 
mal print head free of dirt and debris. The particles are 
preferably small inorganic particles used in a slipping 
layer of a dye-donor element and the abrasive action of w 
the particles cleans the thermal print head during the 
printing operation. Polymethytsilsesquioxane particles, 
such as Tospearl® (Toshiba Silicone Co.), have been 
proposed for use in thermal media as described in 
copending U.S. Application Serial No. 08/976,772 of is 
Simpson et al., fled Nov. 24, 1997. However, these par- 
ticles have a very broad particle size distribution 
[0003] Japanese Kokai 54/72300 discloses a process 
for preparing polymethytsilsesquiaxane particles 
wherein methyttrialkoxysilane and/or its partial hydro- 20 
lysate is hydrolyzed and condensed in an aqueous solu- 
tion of an alkaline earth metal hydroxide or an alkali 
metal carbonate. U.S. Patent 4,528,390 relates to a 
method for preparing particles of pdymethylsiteesquiax- 
ane wherein metriyitrimethoxy-silane, or its partially 25 
hydrolyzed condensate, is added to a stirred aqueous 
solution of a base, such as ammonium hydroxide. 
[0004] However, there ts a problem with these prior art 
processes in that the polyalkylsilsesquioxane particles 
obtained have a very broad particle size distribution. 30 
These oversize particles are too large for use in thermal 
media in order to clean a thermal print head. Before 
these particles can be used in thermal media, the size 
of the particles has to be reduced by a grinalng opera- 
tion. Such a grinding operation adds to the manufactur- 35 
ing cost 

[0005] It is an object of this invention to provide a proc- 
ess for preparing polyalkylsilsesquioxane particles 
which have a narrow particle size distribution. It is 
another object of this invention to provide a process for 40 
preparing polyalkylsilsesquioxane particles having a 
median diameter of less than 5 urn without a grinding 
step. 

[0006] These and other objects are achieved in 
accordance with this invention which relates to a proc- 45 
ess for preparing polyalkylsilsesquioxane particles com- 
prising: 

a) dissolving a surfactant in an alkyttrialkoxysilane 

or its partially hydrolyzed condensate; so 

b) combining the mixture with water; and 

c) adding a basic material to the mixture to obtain 
the polyalkylsilsesquioxane particles. 

[0007] It has been found unexpectedly that the 55 
method of the invention for making polyalkylsilsesquiox- 
ane particles has an improved monodispersity over that 
of the prior art. 



[0008] The alkyttrialkoxysilanes employed in the 
invention may be, tor example, methyttriethoxysilane, 
ethyltrimethoxysilane, ethyltriethoxysilane, propyltri- 
methoxysilane, pr opy ttr i ethoxysil an e , methyltripropox- 
ysilane, methyrtr butoxysi lan e, etc. In a preferred 
embodiment of the invention, the alkyttrialkoxysilane is 
a methyttrialkoxysilane such as methyttrimethoxysilane. 
[0009] Methyltrialkaxysilanes or their partially hydro- 
lyzed condensates which are used as starting materials 
in the invention may be obtained by alkoxylation of 
methyltrichlorosilane with suitable alcohols according to 
conventional procedures. A variety of methyttrialtoxysi- 
lanes is obtained depending upon the particular alco- 
hols used in the alkoxylation. Additionally, partially 
hydrolyzed condensates of these methyttrialkoxysi- 
lanes, which are obtained by hydroiyzing the silanes in 
the presence of less water than a stoichiometric quan- 
tity, can be used. 

[0010] The surfactants employed in the invention are 
any surface active materials soluble in the alkyttrialkox- 
ysilane. Examples of such surface active agents include 
anionic, cation ic, and nonionic surface active agents, 
which may be used alone or in combination with one 
another. Anionic surfactants are preferred, such as sul- 
fosuccinates and alkyt aryl polyether sulfonates. Sulfo- 
succinates include the ditridecyl ester of sodium 
sulfosuccinate (Aerosol TR® manufactured by Cytec 
Industries, Inc.), the dioctyl ester of sodium sulfosucci- 
nate (Aerosol OT®), the dihexyl ester of sodium sulfo- 
succinate (Aerosol MA®), the diamyl ester of sodium 
sulfosuccinate (Aerosol AY®), and the dibutyl ester of 
sodium sulfosuccinate (Aerosol IB®). In a preferred 
embodiment the sulfosuccinate is the dioctyl ester of 
sodium sulfosuccinate. Unwanted agglomeration in the 
process is minimized by the surfactant so that an 
improved particle dispersity is obtained. The amount of 
surfactant employed in the invention may range, for 
example, from 0.1 to 50 wt. %, preferably from 1 to 30 
wt. %, of the alkyttrialkoxysilane or its partially hydro- 
lyzed condensate employed. 

[001 1 ] The basic materials employed in the invention 
may be materials such as ammonia; amines such as 
monomethylamine, dimethyiamine, monoethytamine, 
diethylamine, ethyl enediamine etc.; metal hydroxides, 
such as calcium hydroxide, magnesium hydroxide, 
sodium hydroxide, potassium hydroxide, etc.; or metal 
carbonates such as sodium carbonate, calcium carbon- 
ate, etc. In a preferred embodiment, the basic material 
is ammonia or a metal hydroxide or carbonate such as 
sodium hydroxide or sodium carbonate. The concentra- 
tion of basic material employed in the solution is at least 
0.01%, preferably from 0.01% to 1 wt. %. 
[001 2] In the process of the invention, the basic mate- 
rial acts as a catalyst for the hydrolysis and condensa- 
tion of the alkyttrialkoxysilane. 

[0013] The particles obtained using this invention 
have a narrower particle size distribution than those 
obtained by the prior art. As used herein, the median 
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diameter is defined as the median of the volume distri- 
bution of the particles. In general, the particles obtained 
by the process of the invention have a median diameter 
of less than 20 jim, preferably less than 5 i^m. In another 
preferred embodiment of the invention, less than 30% of 
the particles have a diameter of > 1 .7 times the median 
diameter. In another preferred embodiment of the inven- 
tion, the particles have a median diameter of less than 
0.7 jim and less than 30% of the particles have a diam- 
eter of > 1.2 \iSTi. 

[0014] Preferably, the hydrolysis-condensation reac- 
tion of the invention is conducted under healing, since 
the reaction time can thereby be reduced to obtain the 
desired product more readily. The heating temperature 
can be varied broadly depending upon the amount of 
alkyttrialkoxysilane or its partially hydrolyzed conden- 
sate employed. The heating temperature employed 
affects both the particle size and narrowness of the dis- 
tribution obtained. Generally, the heating temperature 
may be raised up to the boiling point of the reaction mix- 
ture. 

[001 5] When the reaction is conducted under the con- 
ditions as descrfoed above, a precipitate of polyalkyl- 
silsequioxane separates out as the reaction proceeds. 
The precipitate is optionally collected, washed with 
water, and dried or purified and isolated by other tech- 
niques to remove excess base and surfactant to give the 
desired product. 

[001 6] The polyalkylsilsesquioxane particles made by 
the process of the invention preferably are spherical or 
nearly spherical in shape. In a preferred embodiment of 
the invention, the polyalkylsilsesquiQxane particles are 
potymethylsilsesquioxane particles. 
[001 7] The following examples are provided to illus- 
trate the invention. 

EXAMPLES 

Example 1- Use of Ammonium Hydroxide 

[0018] In a covered beaker, 48 g of Aerosol OT® were 
dissolved in 600 g of methyt-trimethoxysilane (AkJrich 
Co.). The solution was combined with 6 L of water 
(deionized) and homogenized in a Gaul in Homogenizer 
and then placed in a 12 L flask equipped with a paddle 
stirrer. The mixture was rapidly stirred for 10 minutes at 
20*C. While stirring the mixture, 40 g of a 28% ammo- 
nium hydroxide solution was added all at once, and the 
resulting mixture was stirred overnight. Rom this were 
obtained polym ethyl silsesquioxane particles. The parti- 
cle size distribution was analyzed using a Microtrac® 
Urtrafine Particle Analyzer, model # 9230-0-00-1. The 
particle size distribution was 10% less than 0.4 ^m, 
50% less than 0.6 ^m, and 90% less than 0.8 ^m. 

Example 2-Comparative Example 

[001 9] Polyalkylsilsesquioxane particles were made in 



accordance with the procedure described in U.S. Patent 
4,528,390. In a 1 L flask equipped with a paddle stirrer 
were placed 500 g of water and 50 g of a 28% ammo- 
nium hydroxide solution. Over a 50 minute period at 
5 25°C, 200 g of methyttrimethoxysilane were added. 
After the addition, the mixture was heated to 80°C and 
stirred for two hours. From this were obtained a broad 
distribution of agglomerated potymethylsilsesquioxane 
particles. 

w 

Example 3- Use of Sodium Carbonate 

[0020] In a covered beaker, 9 g of Aerosol OT® were 
dissolved in 100 g of methyttrimethoxysilane (Aldrich 

15 Co.). The solution was combined with 1 L of water 
(deionized] and placed in a 3 L flask equipped with a 
paddle stirrer. The mixture was rapidly stirred for 10 
minutes at 50*C. While stirring the mixture, 20 ml of a 
5% sodium carbonate solution was added all at once, 

20 and the resulting mixture was stirred for 1 hour. From 
this were obtained polym ethyl silsesquioxane particles. 
The particle size distribution was analyzed using a 
Microtrac® urtrafine particle analyzer. The particle size 
distribution was 10% less than 0.4 \im, 50% less than 

25 0.6 jam, and 90% less than 0.8 \im. 

Example 4- Use of Sodium Carbonate 

[0021] In a covered beaker, 9 g of Aerosol OT® were 
30 dissolved in 300 g of methyttrimethoxysilane. The solu- 
tion was combined with 1 .5 L of water (deionized] and 
homogenized in a Gaulin Homogenizer and then placed 
in a 3 L flask equipped with a paddle stirrer. The mixture 
was rapidly stirred for 10 minutes at 20 fi C. While stirring 
35 the mixture, 20 ml of a 2.5% sodium carbonate solution 
was added all at once, and the resulting mixture was 
stirred over night From this were obtained porymethyl- 
silsesquioxane particles. The particle size distribution 
was analyzed using a Microtrac® ultraf ine particle ana- 
40 lyzer. The particle size distribution was 10% less than 
2.6 um, 50% less than 3.6 jim, and 90% less than 5.1 
jim. 

Example 5- Use of Sodium Hydroxide 

45 

[0022] In a covered beaker, 8g Aerosol OT® were dis- 
solved in 100g metriyftrimethoxysilane. This solution 
was added to 1,000 g filtered, distilled water in a 2L 
flask equipped with paddle stirrer. The mixture was 

so heated to 50°C. With rapid stirring, 0.8 g sodium hydrox- 
ide dissolved in approximately 20 ml of water was 
added. This mixture was stirred for about two hours to 
give pc^ymethytsilsesquioxane particles. The particle 
size distribution was analyzed using a Microtrac® 

55 urtrafine particle analyzer. The particle size distribution 
was 10% less than 0.6 \im, 50% less than 0.7 \im, and 
90% less than 0.8 jim. 
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Claims 

1. A process for preparing polyalkylsilsesquioxane 
particles comprising: 

5 

a) dissolving a surfactant in an alkyftrialkoxysi- 
lane or its partially hydroJyzed condensate; 

b) combining the mixture with water; and 

c) adding a basic material to the mixture to 
obtain said poiyalkyisilsesquioxane particles. w 

2. The process of Claim 1 wherein said alkyttrialkox- 
ysilane is methyttrialkoxysilane. 

3. The process of Claim 2 wherein said methyttrialkox- is 
ysilane is methyttrimethoxysilane. 

4. The process of Claim 1 wherein said surfactant is 
an anionic surfactant 

20 

5. The process of Claim 4 wherein said anionic sur- 
factant is a sodium sulfonate. 

6. The process of Claim 5 wherein said sodium sul- 
fonate is a dioctyl ester of sodium sulfosuccinate. 25 

7. The process of Claim 1 wherein said basic material 
is a metal hydroxide or carbonate. 

8. The process of Claim 7 wherein said metal hydrox- 30 
ide is sodium hydroxide. 

9. The process of Claim 7 wherein said carbonate is 
sodium carbonate. 

35 

10. The process of Claim 1 wherein said basic material 
is ammonia. 
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